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Eetall Environment

Fetls dependent on mare
s Everything comes; firom mare
s NO communication| 6f: changing Needs

Insufficient resources delivered

s Survival depends on redistribution off imited resources
Sophisticated compensatory rFesponses
Response; to challenges

[Fetus appreaching term
s Metabolicidemands at limit ol placentars ability.
o Any disruption - devastating| results




Threats to Fetal Well-being
Unigue; Aspects Placental Blood Flow

Eetal Eoal
s Placental blood flow: = 50%: of the dam's; flow

Other Fetal Species
s Placental blood flow - 75% ofi the dam's flow

Eetal Foall Under anesthesia

o Dramatic decrease in fetal placental blood! flow.
38% oft maternal flow

o No significant change in maternal placental blood flow




Fetal Resuscitation
Maintenance of Placental Perfiusion

Aggressively: treat

Rypovolemial in dam

Aggressively: treat

ypotension: in the dam

Avoid anesthesia

in late term mares




Threats to Fetal Well-being
Lack of O Delivery

Maternall threats

s Materna
s Materna
s Materna

anemia
ypoOxXemia
decrease in perfusion

Fetal response

o Unigue aspect of placentation

s Placental oxygen transport mechanisms
o [Fetal physiologic adjustments




Historicall Investigations
ofi the Equine Placenta
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From: Turner (1876)
L ectures on the Comparative

Anatomy of the Placenta From: Ruini (1598) Anatomia del Cavallo




Placentation
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Placental Circulation
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Equine; Placentation
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Countercurrent Circulation
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Effect of

Maternal Oxygen Tiherapy.
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Fig. 4. The relationship between F, in maternal arterial blood (log scale)
and that in the uterine vein () and umbilical vein (@) in seven ewes and
seven mares (data from Comline & Silver 19700), and in five sows.



Foetal and uterine venous Po, (mm Hg)
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Effect of Placental Circulation
Pattern on ietal Poy

Counter current
circulation

Other circulation

Noermal Conditions

PO, 4654 tor

PO 50-54 tor

Maternal hypoxia

lll ietall Po;

l ietall Po,

T Maternal Pao;

TT fetal Po,

T fetal Po,
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Fetal Resuscitation
lack off O2 Delivery

Materna
Eetali iy

Anemia - blood transfusions

poxemia = supplement with INO5

s Jiake advantade off the countercurrent system

o Even ifi normall Pao; in mare, fieal may benefit

o, Coulalbe iImportant withr placentall edema




Placental Eunctions
Glucese Iiransport

Predominant: source of energy. fior fetus

Fetalimaternal glticose ratior B —
s Mani & Rabpbits 70-80%

* Horse 50-609

® Pigs 40-50%

o Ruminants 20-30% ‘




Placental Eunctions
Glucose; Utilization

Tihe placenta
s Actively: metabolic tissue
» High' glucese; utilization: by: placentalin horse
» Glucose for placental alsorcomes fom fetus

Maternal distress — less glucose
s More glticose delivered fromi fietus
o Can lead to negative net glucose transport to fetus




IUGR
Intrauterine Growth Restriction




Ihreats to Fetall Well-being
Nutritional Tihreat of Acute Fasting

[Fasting the mare for S0-48 Ar

s Decreased glucose delivery

o Rise in plasma FFA

s Increased PGS ini utering and fietal tissues

Increased risk off pretermr delivery,

» \WIthin one; week of ending the; fiast
Associated with myometriall sensitivity: te hermoenes

Prevent by intravenous dextrose infusion




Fetal Resuscitation
Nutritional Threats

Suppert the mare's nutritional needs
s Enterali supplementation

s Parenterall supplementation

s Encourade a nigh plain off Autrition

Avoidl acute fasting
s Avoeldlelective; procedures requiring fasting
» Encourage anorexic late term mares to eat
o SUupplement withr intravenous glicose; therapy

Consider flunixin meglumine therapy




Respoense to Hypoexia

IHYpoXialin adult
€O riesponsive; tertissue Os, Ievels

IHypoxemia results in
Increased CO
Increasedi gas exchande lungs

IHypoxial in fietus

IHypoxemial resultsiin
Decreased CO (decrease in HR)
Slewing placental perfusion
Increase BP
Reqguires' intact CNS-adrenergic response




Fetal Adaptation te Hypoxia

Unlikerthe lungs; placentaiwill not
deliverrmore O in respense to fietal

ypoOXemia

Increase umbilical VEnous; resistamnce
Increases, fetal placental surface area

Improves maternofetal gas exchange




Fetal Adaptation te Hypoxia

Fetiis/neonate - halifoff O, Use! Is fiacultative
Grewth, anabolic Processes, thermoregulation
INot essentiall for survival

Lamb
[Fetall lamb = 30-40%: of O, used! for growth
Neonatal lambi = 30% ofi O5, used for growth

Induced maternal hypoxemia

Decriease O, delivery by 50%
No anaerobic metabolism;, no fetal acidosis




Fetal Adaptation te Hypoxia

Jlolerance to acute hypoxia
Tiurm offf grewth — how?.
[Decrease; unnecessary: activity: (fetall breathing)

Toelerance terchronic nypoxia

IHypoxial— tolerant cells

Postulated tor have fewer 1om chanmnels

Require less energy to prevent Ca leak

Organsiwith: high: metabelic activity.

Brain, heart

Smaller %) O Used for growth

Need to maintain O delivery: in face off hypoxeniia




Fetal Adaptation te Hypoxia

Other ehanges

s Decreased activity,
[Fetall activity: stops
Fetall breathing| stops

[Fetal swallowing steps




Fetal Adaptation te Hypoxia

Pecrease CO (decrease HR)

[Decrease cardiae O need

BUt Increase BP'— cardiac werk not change
Redistribution off combined ventricular CO

1o heart & braini increase fromi 7%, to' 25%
Increase to adrenal cikrculation




Fetal Adaptation te
HYpoxXia/Stress

Maternal systemic origin
s [less O/ nutrients delivered frem mare

Placental or fetal origin

s Higher demands

Diffierstfirom adult physiclogy.
Maternal placentar delivery is fixed

s [ncreased extraction of limited resource
o Redistribution: of limited resource




Fetal Adaptation te
[HYPOXIa)/Stress

Increase fetal extraction

s [ncrease umpbilical Venoeus, resistance
Slew: blood! filow
Increases fetal placental surface;area

Redistrbution ofF resources
o Global Increase Vascular resistance
Increase BP

s |_ocal decrease vascular resistance

Cardiac
CNS
Adrenal




Fetal Response to Hypoxia

Hypoxemia

Lz Jpa

Carotid body Chemoreceptors Brain, heart, adrenal

1

Medull ary Cardiac Center L ocal response
Medullary Vasomotor Center 1

/ \ Vasodilation

V asoconstriction Bradycardia 1
Maintain O, delivery




Fetal Response to Hypoxia
Bleod! Flow: Redistribution

% distribution Biventrictlar cardiac
guepuc
1 Gut, spleen,, carcass

Briain, heart, adrenals, placenta

Fetal lamb = Po, = 12-14 mmkilg
4 7' X myocardial flow
No 02 delivery

Mypcardial performance sustained
1 sympathoadrenal activity.




Fetal Response Hypoxemia

EIRR

[HYpoXia stressed fietus with

Com
Wil

Wil
Decompensation — RypPoXIc, acidosis

Will

Densation
Jave slow EHR

nave fewer EHR accelerations

l00se central adrenergic respense

Develop: persistent tachycardia
Tlerminall bradycardia




Fetal
to

Cardiac Response
[HYPOXIC Stress

Effect off Hypoxia/Acidosision’ Cardiac fn

As lenglas ad
P0, < 15, pK
20, hormal’,

ienergic support (CNS)
normall  =—» normal ventricular fin
H < 6.8 — normal ventricular fn

P0, < 25, pH

<6.8 = il ventricular fn

BasIs of MyPOXIC ISChemIC disease




Fetal/meonatal myocardium

Resjstant te iypoexic damade
Due to high rate off anaerobic glycolysis
Greater glycogen, stores

Res|stance; of fetal cells tordamage: from lactic acidosis
|lactiate as cardiac energy: Source?

Resjstance,; tor combineal ypoxia/hypercapnia

Resjstance; tor Ischemia dysitnction
After short periods guickly recovers
Williwork as efficiently’ asi before insult

Resistant to iIschemic myocarditum cell’death
More likely to survive cardiopulmonary: arrest




Fetal Response te Maternal
Oxygen TTherapy.

POsItiVe respense
Increase inf EHR base line
More; EHR accelerations

BUt ....

Most fietal fieals have low: EHR base lines
Probably: refilects: efficiency: ofi CV' system
Utilize; oxygen fior growth




Fetal heart rate measurements

Fetal ECG

FHR 4852 MHR = 60

SpDE







